Introduction
In the last 15 years, there has been a rapid development in the study of the secular variations of the geomagnetic field. Lake sediments have proved a valuable source of continuous, long secular variation records, because of the widespread occurrence of suitable lakes. High quality directional records have now been compiled for the last 10000 years from several geographical regions, e.g. United Kingdom (Turner & Thompson 198 1 ), South-east Australia (Barton & McElhinny 1981) . A detailed review of this work is contained in Creer, Tucholka & Barton (eds), 1983. Alongside this development, our understanding of the detrital renianent magnetization carried by sediments has improved. Verosub (1977) gives a concise review. In general, alignment of the grain magnetic axes with the ambient magnetic field may occur both during descent through the water column and after deposition, before sufficient compaction has occurred to immobilize the grains. The post-depositional process seems t o be crucial t o rectify a net shallowing of the magnetization which may occur when elongated grains, magnetized along their long axes, alight on the sediment-water surface (Irving & Major 2 Sites, sections and sampling
The caves sampled are in the Waitomo region of the North Island of New Zealand, 30" 17 'S, 175'8 'E, approximately 1 kni west of the well-known Glowworm Tourist cave (Fig. 1) . The area overlying the caves is typical polygonal Karst, characterized by closed depressions and underground drainage. Some mudstones remain as caprocks on the higher parts with the caves being formed in the underlying Te Kuiti Limestone. The caves sampled are part of the abandoned upper level of the system, the active stream now following a more recently eroded passage 1 0 m below. The sediments themselves are principally of volcanic origin, from the weathered tephras and ignimbrites unconformably deposited over the area from eruptions of the Central Volcanic Plateau lOOkm t o the south east, but also contain weathered mudstone. They were most probably deposited during flood events, when the lower passages were only partially developed and incapable of carrying all of a major flow. With falling water levels at the end of each flood event the upper passage would be abruptly cut off and the suspended sediment load would then settle in hydrologically quiet conditions. This interpretation is substantiated by the fine grain size, indicating flow velocities o f less than 10 mm s-', by the horizontal laminations and the lack of visible lineation or cross bedding in the deposits. We therefore consider the magnetic results unlikely t o be affected by water currents or non-horizontal bedding surfaces.
Several sections of sediment were initially examined for palaeomagnetic feasibility, and one, from Coincidence Cavern, was selected for detailed study.
The floor of the cave consists of mud and flowstone overlying at least 5 m of sediments, In some places pits have been eroded by dripping water, and at others stalagmites have formed on top of the flowstone. One of these pits was chosen as the primary section (CA) Figure 1 . (opposite) Sketch map of the Gardners Gut cave system, Waitomo, New Zealand: The section sampled iq in Coincidence Cavern; (inset) the location of Waitorno.
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A"!."" for investigation, but, as extension below 1 .5 ni would have involved considerable excavation, sampling was continued a further 3.7 m downwards at another exposure (CB) 10 m further along the cave passage. The top part of this second exposure, corresponding t o CA was disturbed and so unsuitable for sampling. The relative elevations of the two sections were ascertained by theodolite survey and some 20 cm of overlap was ensured. All the depth measurements given in this paper are made relative to the initial datum chosen in section CA, after the theodolite correlation had been verified by matching the magnetic directions. I t was subsequently found possible to sample a further 9 cni above this datum in section CA, so some negative depth values are recorded also.
The sediments are light yellow, and are principally fine, well compacted silts with some sand and clay layers. Fine horizontal laminations are visible in places, showing that the bedding planes are horizontal and that there has been n o tilting since deposition. There is some non-horizontal iron staining at about 1 .O m in subsection CA and 3.0 m in CB, which is probably post-depositional in origin, but does not seem t o affect the direction of remanence. The flowstone immediately above sub-section CA has been dated at 120 000 It 6 000 yr old by the uraniurii-thorium series method (Williams, private communication).
Before beginning t o sample, fresh, near-vertical faces were cut, as the exposures were sometimes weathered or encrusted. Small plastic boxes (2.0 x 2.0 x 1.5 cm) were pushed into these surfaces, and fully oriented before removal. The specimens were sealed, labelled and wrapped in moist paper towels to prevent drying and deformation before measuring. A 10 cni interval was chosen between horizons, and three specimens were taken from each horizon. A closer interval, of 5 cni was used in the overlapping parts of both subsections to allow a better match to be made.
Magnetic measurements
All magnetic remanence measurements were made using a two-axis cryogenic magnetometer. Each specimen was measured in eight different orientations and the results averaged to give the three orthogonal components, thus minimizing the effects of noise and background signals. The overall noise level was less than lo-'' Am2, or 1.67 x mA m-' for the 6.0 cni3 specimens used.
Alternating field demagnetization was carried out keeping the specimens stationary and demagnetizing consecutively along three orthogonal axes. Thermal demagnetization was not attempted because of the high water content of the sediments. Fig. 2 shows declination, inclination and intensity logs for the natural remanent magnetization (NRM) of all specimens. The mean NRM intensity is 17.0 mA m-', but is very variable, particularly in subsection CA. This variation does not seem to affect the withinhorizon grouping of the directions. Below 5 in however, the intensity drops t o less than 2 mA ni-', and this is accompanied by relatively scattered directional data, which were later discarded.
Eight pilot specimens were subjected t o stepwise alternating field demagnetization t o determine the directional stability and coercivity distribution characteristics of their natural remanent magnetizations. Single specimens were selected from depths of 0.0, 0.4, 0.5, 2.4, 3.1 and 4.9 m and a pair from 1.1 m. Fig. 3 shows vector component plots for four typical specimens. Peak alternating fields of 5 , 10, 15, 20, 25, 3 0 , 3 5 and 40 m T were used.
Specimen C A l A is from the low inclination swing at the top of subsection CA. CA12A and CBl2A are from depths of 1.1 in and 2.4 m, and are typical of specimens from the main parts of both sections. CB37A is a slightly coarser grained specimen from the bottom of subsection CB. All four specimens show a small, secondary component of magnetization, which is completely removed in the first step of demagnetization. This is underlain in all but CB37A by a strong stable primary remanence.
The low inclination specimen, C A l A shows a resistance t o demagnetization, and a directional stability comparable to those of specimens CA12A and CBl2A, supporting our belief that the palaeoniagnetic record is reliable t o the top of the section. The median destructive fields of these three specimens are about 20 mT, typical of a remanence carried by single or pseudo single domain titanomagnetite grains (Dunlop 1983) . Specimen CB37A, with a mcdian destructive field of only 5.1 mT, typifies a much softer and initially weaker remanence in the lowermost horiLons. This remanence was not considered reliable enough for subsequent analysis, so all horizons below 4.8 m were discarded.
On the basis of the above results, a peak alternating field of 10 mT was chosen to remove the softer, secondary components of magnetization in all the remaining specimens. The resulting dataset (Fig. 4) forms the basis of the analysis and discussion below.
Discussion
The data shown in Fig. 4 are plotted as interpolated cubic spline curves fitted t o the mean declination and inclination values at each horizon. With only three data points a t most 
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A summary of the mean directions of magnetization in the whole section and subsections is given in Table 1 The mean cleaned direction of the whole section ( U = 3.7"E, 1 = -.56.1', N = 56 horizons, a,,=3.0") is very close t o the direction expected at the site if the field was due to an axial geocentric dipole (D = O", I =-57.5'). This may indicate that the time period spanned by the sequence is long enough t o average out the secular variations (-10000-20 000 yr), if one assunies the average field direction should be that of an axial geocentric dipole. Alternatively, if it is assumed that the sequence is long enough to average out the secular variation. it may be interpreted as showing that there is no overall bias compared with the field of an axial geocentric dipole. This is in contrast t o results from more recent sedimentary records, mainly from the northern hemisphere, where significant biases, almost invariably to inclinations shallower than the axial geocentric dipole value, have been reported (e.g. Turner et al. 1982) . Such data lead to 'far-sided' virtual geomagnetic poles (VGPs) whatever the site lungitude, and have been modelled by Wilson ( 1 971) in terms of a small northward shift of the nlain axial dipole, which is mathematically equivalent t o a pernianent quadrupole moment (Merrill & McElhinny 1977) . Both these models require the niean field at southern hemisphere sites to be steeper than tile axial geocentric dipole value. Our overall average of D = 3.7'E. I = -56.1' does not therefore appear to support this. However, we argue below that in the uppermost 10 cm of the section the main dipole field is weakening and is dominated by non-dipole components. Excluding the top 10 cm as anotnalous, the section averclgc heconies D = 3.7"E, J = -58.6", which is steepcr than the geocentric axial inclination, though not significantly so. A hi& inclination bias is actually visible in the lower part of Fig. 4 between 5 m and 2 in, where the amplitude of the secular variations is low. Obviously niany more southern hemisphere data are needed before anything positive can be said for or against the models of Wilson atld Merrill Sr McElhinny. However. our data are significant in one respect: an alternative explanation for shallowing of remanence inclinations relative to the axial geocentric dipole value for data from the northern hemisphere has often been given ; it has been suggested that the shallowing may derive from the sedimentation process, creating a systematic 'inclination error' or bias (King 1955) . Such an effect has been observed experimentally during laboratory redeposition of sedinients (e.g. Tucker 1980 ), but in nature it probably only affects certain, more rapidly deposited and compacted sedinients (Verosub 1977) . Inclination error cannot, however. explain our results, which are close to or steeper than the axial geocentric dipole inclination.
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7 ' 1 1~ mean amplitudes of the variations in declination and incliriation are comparable to those found in much more recent sediments worldwide. Omitting the uppermost swing, which is discussed separately below, the circular standard deviation of the horizon means is 12.9", and the peak t o peak variations in both declination and inclination are 30".
To illustrate the sense of tnovenient of the geomagnetic vector, the smoothed data of Fig.  4 have been replotted as a 'Bauer diagram' of inclination against declination, centred on the axial geocentric dipole direction (Fig. 5) . For clarity the data shown in Fig. 5 have been further smoothed by a 3 point vectorial running mean, but the sense of looping in the data of Fig. 4 has been maintained. The Bauer diagram displays two distinct patterns: between depths of 4.5 i n and 2.0 i n the inclination is relatively constant and steeper than the axial geocentric dipole value, while the declination oscillates between east and west. From 2.0 m to about 0.5 111 the vector describes roughly three open clockwise loops. Finally, the anoriialously low inclinations are represented by a much larger, though still clockwise, loop. Predominantly clockwise looping of this kind has been reported from many parts of the world, though ~isually on niatci-iaI of much younger ages. It is traditionally associated with Westward drift of features of the no17 dipole field (e.g, Skiles 1971), though this interpretation is by no means unique, and it is now thought that the non-dipole features may grow, develop and decay at rates fast compared with the drift rate (Thompson 1984) .
The amplitudes of the secular variations steadily increase from the bottoin to the t o p of our record. culminating in the particularly low inclination swing a t the very top.
This swing contains the shallowest inclinations (-20') in the entire record, and is accoinpanied by the most easterly declinations (25"E). As such we considered it anomalous and needing further investigation. The alternating field demagnetization characteristics of the pilot specimen CA 1 A, from the inclination minimum, were essentially identical t o those of the other stable specimens in the section. This leads us to believe that the swing is of geomagnetic origin and is not caused by sedimentological disturbance near the top of the section. Additionally we found no visible evidence of physical disturbance t o the sediment. The latitude and longitude of the extreme virtual geomagnetic (north) pole (VGP) are Ap = 54.2"N, q & , = 220.4"E, only 35.8" from the geographic pole. Barbetti & McElhinny ( I 976) have defined the range of secular variations t o include VCPs up t o 40" from the geographic axis, while to classify as a geomagnetic 'excursion' or 'event' the VGP colatitude must exceed 40". Thus our extreme pole, with a colatitude of 35.8" is within the bounds commonly accepted for secular variation. It is, nevertheless, a large swing, and it is even possible that, due to the time-averaging effect of the sedimentation process, our palaeomagnetic record is of lower amplitude than the actual swing of the geomagnetic field.
The uranium-thorium date on the flowstone immediately overlying the sediments is 120000 * 6 000 yr, close to the age generally assigned to the Blake Event (Jacobs 1984) .
Several sedimentary records of the Blake Event have been obtained from the northern hemisphere, and are reviewed by Jacobs (1984, p. 103 ), but there is no well-defined record from the southern hemisphere yet. So it is still unclear whether the Blake Event is a global reversal or just an excursion, possibly local, of the geomagnetic field. Our record clearly does not contain the event, and is almost certainly too old. However, we suggest that our record may immediately predate the Blake Event, and that we are possibly seeing a weakening of the main dipole field, and consequent instability resulting in relatively large secular variations at the top of the sequence immediately before the reversal itself. Unfortunately we cannot test this suggestion at the present section, as the overlying flowstone marks the end of sedimentation in the cave passage. One stalagmite growing on the flowstone was tested for palaeomagnetic feasibility, but proved to have undergone too much recrystallization.
Conclusions
The section of cave sediments sampled carries a record of secular variations during a period of normal geomagnetic polarity. The uppermost horizon is dated at 120 000 * 6 000 BP and the section spans several thousand years. The mean palaeomagnetic direction of the main part of the section coincides with the field direction of a hypothetical axial geocentric dipole. An anomalously low inclinationswing at the top of the section is possibly associated with a weakening of the main dipole field, but is not large enough to be classified as a geomagnetic event or excursion itself.
The palaeomagnetic vector loops in a predominantly clockwise sense throughout the section, particularly in the upper 2.5 m.
